In the context of improving Water Use Efficiency, there is interest in deficit irrigation, which provides a means of reducing water consumption while minimizing adverse effects on yield. A field experiment was conducted at Ambo Agricultural Research Center, Ethiopia during 2017 dry season. The objective was determining effects of irrigation levels and mulching material on yield and Water Use Efficiency of Onion. The experimental design was in RCBD with three replications. The deficit irrigation levels 100%, 80%, 70%, 60% and 50% ETc used with the three mulching no mulch, straw and plastic mulch were used. The results revealed that the maximum yield of 47.25 ton ha-1 was recorded from 100% ETc with plastic mulch; whereas the minimum yield of 18.2 ton ha-1 was recorded from 50% ETc with no mulch. Higher Crop Water Use Efficiency and Irrigation Water Use Efficiency of about 8.48 and 7.63 ha-1mm-1 was obtained from 70% ETc with plastic mulch respectively. With 70% ETc and plastic mulch the water saved, yield reduction and Crop Water Use Efficiency were 109.5 mm, 25.10% and 8.48 kg ha-1 mm-1 respectively. Considering water saved and maximum yield, irrigation water application at 70% irrigation application levels and plastic mulch could be interested. The present study suggests that, in water scarce area, farming community can adopt deficit irrigation level with 70% ETc under plastic mulch.
Figure 1. Location map of Ambo Agricultural Research Center

Experimental Design and Treatments
The experimental design was in RCBD with three replications. The Treatments include four deficit irrigation applications (80% ETc, 70% ETc, 60% ETc and 50% ETc) and a full irrigation application (100% ETc) and three mulching material No Mulch (NM), Straw Mulch (SM) and Plastic Mulch (PM) figure 2. Depending up on irrigation level value there is no standard value put but different researcher use different values. The design of the level was in line with Heidari (2012) he used the same level of deficit for the same crop type. Control irrigation implies the amount of irrigation water applied in accordance with the computed crop water requirement with the aid of CROPWAT program. 
Experimental Procedures
Land preparation and nursery management
The field for nursery bed was ploughed and harrowed to bring it to a fine tilth and a seed bed was prepared. Adama onion variety called Ambo Agricultural Research Centre was used for the study. The seeds of this cultivar were sown on nursery bed and after sowing; the beds were covered with dry grass mulch until emergence and watered using a watering can. A week before transplanting, water supply to the nursery seedbed was reduced in order to harden the seedlings to reduce transplanting shock. Before transplanting, the seedlings were watered to enhance easy uprooting and to prevent root damage.
Preparation of the experimental plots
The experimental field plot was ploughed using tractor, leveled and made ready by dividing the field in to 45 plots for transplanting. The plot size was 3.5 m x 3.9 m = 13.65 m 2 , with 1m spacing between adjacent plot and 1.5 m between replications. A plot consisted of five rows with a row length of 3.9 m. The seedlings were transplanted to field plots on the first week of April 2017. Transplanting was done late in the afternoon to reduce the risk of poor establishment. More number of seedlings than that required for transplanting was raised so that vigorous, strong and healthy ones were se-lected. The spacing between plants within a row and between plot were 30 cm and 70 cm, respectively, with a total of 5 rows per plot. A row consists of 13 plants and a plot 65 plants. The net harvesting area of a plot was 3.3 m by 2.1 m (6.93 m 2 ). The first plant was planted 15cm from the border row in each plot.
Application of mulches
Two types of mulching materials, namely plastic and straw mulch were used for the experiment. P lastic mulches were applied before transplanting of onion seedlings by making small holes at the desired intra row spacing and the seedlings were transplanted. White (transparent) plastic film that allow sunlight to pass through in to the soil and having typical characteristics of 20-25 microns or 80-100 gauge thick wide was used. Transparent plastic mulch was selected because it provides more yields than black plastic mulch and it is characterized by occurrence of higher soil temperature that it permits early germination, bulbing, increases water use efficiency, and harvesting than black plastic mulch. However, straw mulches were applied immediately after transplanting of seedlings. For the straw mulches, dried vetivar grass which is easily available in the area was chopped to about 10-15 cm before it was used as mulch. Generally, mulching practice was made as 6 ton/ha for straw mulch and as the area of the plot in plastic mulch.
Drip irrigation system installation
Drip irrigation system was used for applying irrigation water. Drip system consists of Polyvinyl Chloride main lines, sub main and laterals. The plots were leveled manually to create uniform plots within the given treatment. The drip laterals were installed in such a way that the spacing between rows is equal to that between the lateral and spacing between plants is equal to emitters spacing. There were 45 plots laid out in 3.9 m length, five laterals per plot. Hence, each plot consisted of five drip lateral lines; each lateral has 3.9 m length with 13 emitters, so that each emitter drops water to a single plant. The water from the source was collected in a water tanker of 2000 liters capacity, which was placed at a height of 2m above the ground surface to supply the required irrigation water to a block of experimental field. The water distribution system components (main line) were laid and connected to the water container and to the individual drip lines. The drip lines (laterals) of 12mm diameter were unrolled and laid along the crop rows and each lateral served one row of crop. The end of the laterals and the main lines were closed with end cups to avoid direct soil contact and thus prevent clogging.
Irrigation water application
Light irrigations were applied prior to start of treatments applications for ten days. Water applications for full irrigation treatments (100% ETc) were based on the estimated crop water requirement calculated over the growing period and those water deficit treatments 80%, 70%, 60% and 50% ETc were imposed as planned. Irrigation frequencies were the same for all treatments under drip irrigation, which was five days interval in the whole growing season. The predetermined amount of irrigation water was based on allowable soil moisture depletion for onion (p = 0.30). Soil moisture was monitored before and after irrigation using gravimetric method. Irrigation interval and depth of irrigation was determined based on allowable soil moisture depletion. The depths of water applied to the field and the soil moisture content before each irrigation events were assumed to be equal to the prescribed irrigation treatment. Irrigation scheduling was determined based on soil moisture monitoring using gravimetric method. Based on regular soil moisture observation, irrigation was applied to onion crop through drip when about 30% of available soil moisture was depleted from the effective root zone. The root depth of onion can extend up to 1 m but under irrigation, roots are concentrated mainly in the upper 30 cm soil depth. Nevertheless, 100% of the water uptake occurs in the first 0.5 to 1.0 m soil depth (drz = 0.5-1.0m). In this study, the maximum crop root depth was considered as 1.0 m. Soil moisture was monitored during experimental time up to 80 cm by considering the growth stage of onion. Prior to irrigation, available soil moisture content for all the treatments were measured at 0-20, 20-40, 40-60 and 60-80cm soil depths using the gravimetric method. The total depth of water was applied to 1.0 ETc to bring the measured gravimetric soil water content to field capacity level and to other stressed treatment to bring the measured gravimetric soil water content to prescribed soil water after irrigation. According to Walker (1989) , soil moisture depletion at any soil moisture level can be calculated as:
The depth of water applied through the respectively growth stages of onion at each irrigation interval was calculated by multiplying total available water with the respective root zone and the allowable depletion percentage. Based on this, the amount of water applied with one irrigation time at each growth stages for full irrigation (1.0 ETc) treatment was calculated. The soil samples were taken from top soil to the depth of 60cm in 20cm interval. The sub-samples were mixed thoroughly, dried at room temperature, ground and sieved through a 2 mm screen for physicochemical analysis; whereas for OC and total N determination soil samples were passed through 0.5 mm sieve. Soil textural analysis was done using ddisturbed soil samples which were collected from representative location of the field and textural class was determined by using pipette method in laboratory.
Soil sampling and analysis
The bulk density was determined using undisturbed soil samples which were collected from the field at three depths (0 -20cm, 20-30cm and 30 -60cm) oven dried for 24 hrs at 105 0 C and weighed for determination of dry weight. The bulk density was then calculated as:
Where, W d is weight of dry soil and V T is total sample volume. Determination soil moisture parameter is important of monitoring irrigation. Soil moisture at field capacity (FC) and permanent wilting point (PWP) were determined. For this the soil samples were collected the three depths described above and sun dried, crushed then, soaked in water for one day (24hr). Pressure plate apparatus and pressure membrane apparatus were used for determination of moisture content at FC and PWP. A suction of -1/3 bar and -15 bar were exerted for FC and PWP, respectively, for this purpose. Total available water (TAW), theoretically plant available water, is determined as: (2.3) Where, TAW is the total available soil water content (mm), θ FC is soil moisture content at field capacity (cm 3 /cm 3 ), θ PWP is soil moisture content at field permanent wilting point (cm 3 
/cm
3 ), Z r is crop rooting depth (m) to which TAW is to be calculated.
Water productivity
Crop water productivity (WP) simply refers to the output (example, crop yield or economic return) with respect to water input during production. This mean the output may be expressed either as physical production in kilograms per unit area or economic return in dollars per area. The water input is the amount of water applied to the cropped area per season. In this study crop water productivity was estimated as the ration of onion bulb yield to net irrigation depth applied to each treatment plot. It is expressed as: (2.4) Where, Y is onion bulb yield (kg/ha) and W is irrigation depth applied during the season (m 3 /ha).
Crop data collection
The Crop data was collected from the middle rows in order to avoid border effects. The plants were picked at random carefully from middle three rows by avoiding one plant from starting and ending of three middle rows. Data regarding different components of growth yield and yield components were recorded. These data include among others: Weight of bulb (single onion bulb weighed): The mean of weights of the bulb for each onion bulb taken randomly from plot. Marketable yield (kg/ha): is healthy and non-diseased average to large sized Bombay Red onion bulbs were recorded from central three harvestable rows. Unmarketable onion (kg/ha): is split, decayed, diseased and under sized bulbs. Total bulb yield (kg/ha): is the sum of marketable and unmarketable bulb yields. Total biomass yield (kg/ha): this was determined by summation of all above and underground biomass weights of sample plants.
Distribution Uniformity of Drip system Installed
Emitter flow rate
The average flow rate of the emitters used in the experiment was measured from plots in which catch cans were randomly assigned plots and volumes of flow caught over a time period. The discharge, or flow rate out of single outlet emitter at a specified head was estimated thus: (2 Yield Response factor: In order to quantify the effect of water stress on onion, the empirically derived yield response factor (ky) was used and it is the relative yield decrease to relative evapotranspiration deficit using the following equation (12) . OR (2.12)
Data analysis
All necessary data collected were managed properly using SAS computer package version 8.2. When the treatments effect was found significant, mean difference was tested using LSD test at P = 0.05.
Results and discussion
Distribution Uniformity of the system
The emitter flow rate and flow rate variation were determined at an operating pressure head of 2 m at a time using the catch can test method. The measured values of emitter flow rate and flow rate variation were presented. The average emitter flow rate was 0.74 lt/hr while mean maximum and mean minimum values were 0.79 and 0.69 lt/hr, respectively. The mean coefficient of variation obtained for the results was 4.90%, indicating relatively low variations of the mean.
The measured values of emitter discharge are presented on Table 3 . The data over the nine separate tests showed that emitter discharge observation for emitter flow variation along the laterals, emission uniformity, coefficient of variation and uniformity of coefficient were found to be 11.95%, 93.40%, 4.90% and 95.10% respectively. Based on ASAE (1985) recommendation the field distribution uniformity was excellent, emitter coefficient of variation was good and according to Bralts (1986) emitter flow variation was acceptable. According to Michael (1978) and Jensen (1983 in drip systems, the average variation in discharge rate of individual emitters in a whole field should not exceed 20%. 
Irrigation Water Application in the Experimental Area
The amount of water applied was based on the daily reference evapotranspiration for the study. The daily reference evapotranspiration was calculated using the FAO-Penman-Monteith method . Soil moisture contents were monitored prior and after irrigation using the gravimetric method from the plots of the all replication (block) throughout the growing season and then these values were converted to volumetric water contents using bulk density. The crop water requirement (ETc) of onion crop was calculated by multiplying the reference evapotranspiration (ETo) with crop coefficient (Kc). The gravimetric soil moisture content revealed that the net total irrigation water determined in mm for each treatment (100% ETc, 80% ETc, 70% ETc, 60% ETc and 50% ETc) were through drip irrigation methods at the entire growing period of the crop as it was determined from multiplication of total available water (TAW) and depletion fraction (p=0.30) . The gravimetric soil moisture also revealed that the total gross irrigation water applied in mm to each treatment from (100% ETc, 80% ETc, 70% ETc, 60% ETc and 50% ETc) discussed. The total gross depths of irrigation water applied in mm through drip irrigation methods were varied. The applic ation efficiency of drip irrigation method is taken as 90% and crop water requirement is taken in mm/period within five days.
Yields and Yield Components
Marketable yield
Interaction effect of deficit irrigation levels by mulching exhibited a highly significant (P<0.01) influence on the marketable yield. The highest marketable yield (47.25 ton ha -1 ) was obtained from combined application of treatment received 100% ETc and plastic mulch whereas the lowest marketable yield (15 tonha -1 ) was obtained from treatment received 50% ETc and no mulch. However, there was no significant difference observed in marketable yield among plots treated with 50% ETc Plastic and straw mulch treatments. For each mulching techniques, marketable yield was decreased with increase in irrigation deficit levels. The trend tended to imply marketable yield was significantly higher as the soil moisture stress decreases. This could be due to the difference in depth of irrigation water applied. The increment of marketable yield as the amount of irrigation levels increased is similar with the (Temesgen et al., 2018) which indicated that yield reduction was associated with increase in soil moisture tension which when allowed continuing resulted in loss of turgidity, cessation of growth and yield reduction. On the other hand, conducive environment for growth of onion plants maintained by application of plastic mulch followed by plots treated with straw mulch than no mulch along with the increased irrigation levels may have contributed to the production of highest marketable yield. The present finding is in agreement with the results of (Chawla, 2006) ) who reported that the highest marketable yield were obtained through black plastic mulch followed by straw mulch (50.02 tons/ha) in tomato crop. a,b,c,d ,e,f g,k,l,m, Mean value followed by the same letters does not differ significantly at p>0.05 probability level, which mean that if the mean value of two yield components have the same letter there is no significant difference among them.
Unmarketable Yield
The analysis of variance showed that interaction effect of deficit irrigation levels and mulching techniques resulted highly significant (P<0.01) effect on this parameter. The highest unmarketable yield was recorded from plants grown under 100% and plastic mulch which was about (6.4 ton ha -1 ), followed by the treatment that received 100% ETc and straw mulch. The highest unmarketable yield was recorded from plot that received plastic mulch followed by straw mulch under increased water application levels. The lowest unmarketable dry bulb yield was recorded from plants without mulch. This finding is disagrees by findings of (Stapleton, 2005) who reported that the ability of transparent plastic mulches to produce soil temperatures high enough to control weeds, plant pathogens and nematodes forms the basis for the soil solarisation process and help in reducing amount of unmarketable yield in onion. a,b,c,d ,e,f g,k,l,m,n Mean value followed by the same letters does not differ significantly at p>0.05 probability level, which mean that if the mean value of two yield components have the same letter there is no significant difference among them.
Total Yield
Analysis of variance showed that total yield of Adama onion variety was significantly (P<0.01) influenced by the interaction effect of deficit irrigation levels and mulching techniques. Accordingly, the maximum total yield (47.25 ton ha -1 ) was obtained from the treatment that received 100% ETc and plastic mulch, followed by plants that grown mulched with 100% ETc and straw mulch. The minimum total yields (18.2 ton ha -1 ) were recorded at the treatment combination of 50% ETc and no mulch. High total bulb yield was obtained from high depth of water applied or 100% ETc under plastic, straw and no mulch respectively and this was significantly different from relatively low depth of water applied treatments 80, 70, 60 and 50% ETc under plastic, straw and no mulch respectively (Table 7 ). For each deficit irrigation level, maximum total yield was obtained from plots treated with plastic mulch which was followed by plots treated with straw mulch than that was obtained from control (no mulch). Accordingly, for each mulching techniques, total yield decreased with increase in the irrigation level deficit. Therefore, yield reduction observed in the treatments that received less depth of water per season could be a result of floral abortion, flower drop, immature bulb drop and reduction in bulb number per plant and consequently total yield reduction due to water stress is also reported by (Bosland and Votava, 2000 and Tasisa, 2018) . The observed marked reduction in total bulb yield due to irrigating at 0.5 ETc confirmed the sensitivity of the onion to water stress. Similarly, high floral abortion was observed due to deficit irrigation and partial root drying treatments in an experiment carried out by (Bosland and Votava, 2000) showing the mechanism of bulb yield reduction due to water stress. The significant difference observed among deficit irrigation levels and mulching on total yield of onion in the present study is, therefore, a reflection of the variation in depth of water applied in the respective deficit irrigation levels. The general trend from this result observed that the yield of onion increased with high depth of water supply and decreased with low depth of water supply under different mulching techniques. a,b,c,d ,e,f g,k,l,m,n Mean value followed by the same letters does not differ significantly at p>0.05 probability level, which mean that if the mean value of two yield components have the same letter there is no significant difference among them.
Yield -Water Relationship
The relationship between yield (ton ha -1 ) and the depth of irrigation water under different mulching techniques is presented in Table 7 . The average yield in study area under deficit irrigation is about 47.25 ton ha -1 . One also should notice that treatment received 50% ETc and no mulch that received 182.4 mm irrigation water throughout the growing season produced 18.2 ton ha -1 . Full irrigation (100% ETc under plastic mulch), was used as the reference point for evaluation yield, water saved and relative yield reduction relationship under different deficit irrigation levels and mulching. The data indicated that the highest yield reduction (61.48%) was observed under treatment received 50% ETc and no mulch while, lowest yield reduction is observed under treatment received 100% ETc and straw mulch. Treatment 60% and 50% ETc under plastic, straw and no mulch had shown the highest yield reduction as compared to the other treatments under plastic, straw and no mulch resulted in respectively. From the result, it can be observed that the yield reduction is lower if the crop is 10, 20 and 30% deficit rather than 40 and 50% deficit under different mulching techniques for the crop throughout the growing season. Similarly, (Smith, 2011) was reported that 34% less water supply resulted in onion yield reduction of 42% and 20% less water resulted in yield reduction of 27% when compared with system that was fully irrigated. In an irrigation experiment with onion in New Mexico, the application of 20% less water than the full supply reduced the bulb yields by about 10% (Nigatu, 2008) . From the result, it can be observed that the yield reduction in treatment received 70% ETc under plastic mulch is lower as compared to amount of water saved than the other treatments (Table 7) . However, applying 60 and 50% ETc of water under plastic, straw and no mulch significantly decreased the yield. The yield reduction is proportional to the decrease for water applied under different mulching techniques. For instance applying irrigation water 70% ETc under plastic mulch throughout the whole growing season of onion reduced the yield 25.10 % while water saved 109.5 mm relative to control treatment. The yield obtained consistently decreased with the decrease for water applied except for 70% ETc under plastic mulch. Under field conditions, insufficient water supply can adversely affect growth and yield of onion in treatment 50% ETc than the full irrigation. It was reported that onion were too sensitive to moisture stress and reduced yield significantly at 50% of water supply (Temesgen et al., 2018 and Dirirsa et al., 2017) . 
Crop Water Use Efficiency (CWUE)
Crop water use efficiency of the onion was significantly (p < 0.05) affected by the interaction effects of deficit irrigation levels and mulching. The interaction of deficit irrigation and mulch showed there were highly significant differences in efficiency values when tested at the 5% level. At 70% irrigation water application and plastic mulch, the highest Crop water use efficiencies (CWUE) of (8.48 kg ha -1 /mm) were obtained. The lowest crop water use efficiency (6.11 kg ha -1 /mm) was obtained from 50% irrigation water deficit and no mulch (Table 8) . These results show the positive effect of mulch covers even with deficit levels up to 70% ETc Bare soil (no mulch) was not efficient in conserving water. Crop water use efficiency was increasing within the same water application level under the mulching order of no mulch, straw and plastic mulch respectively. Accordingly, maximum crop water use efficiency was recorded from treatment 70% ETc and plastic mulch (8.48 ton ha -1 /mm) followed by 70% ETc and straw mulch (8.19 kg ha -1 /mm) while, the minimum mean crop water use efficiency was observed on 50% ETc and NM (6.11 ton ha -1 /mm). There were no significant difference between 100% ETc SM and 80% ETc NM, 100% ETc NM and 50% ETc PM and also between, 60% ETc NM and 50% ETc SM at (p < 0.05) ( Table 8 ). The result of this study indicated that, in the same irrigation water application level in the order of no mulch, straw and plastic mulch respectively resulted a corresponding increasing of mean crop water use efficiency values. From this result, it is clearly seen that irrigation applied with 70% ETc under plastic mulch can increases the crop water use efficiency with lower yield reduction. Therefore, when water source is scarce, the onion can be irrigated at the lower water level (70% ETc) under plastic mulch considering economic conditions. a,b,c,d ,e,f,g,h,i,j Mean value followed by the same letters does not differ significantly at p>0.05 probability level, which mean that if the mean value of two yield components have the same letter there is no significant difference among them.
Yield Response Factors (Ky)
The yield response factor (ky) was derived from the relationship of relative yield reduction (1-Ya/Ym) and relative evapotranspiration deficits (1-ETa/ETm) for the whole growing period of Onion and are given in Table 9 . The result indicates that observed yield response factors (ky) for Adama onion variety Bulb production ranged between 0.88 and 1.40. The lowest yield response factor (0.86) was observed under treatment received 70% ETc under plastic mulch whereas highest yield response factor (1.40 ) was observed under the treatment received 80% ETc irrigation levels and control (no mulch) ( Table 9 ). According to this result deficit irrigations level, 70% ETc of the full irrigation under plastic mulch in this experiment is therefore useful in saving irrigation water. The higher Ky values indicate that the crop will have a greater yield loss when the crop water requirements are not met. When combined values were used, a ky factor of 1.33 was obtained. Doorenbos and Kassam (1979) reported that Onion yield response factor (ky) would be greater than 1, which corresponded to ky of this study. Under conditions of limited water distributed equally over the total growing season, the crop with (ky > 1) would suffer a greater yield loss than the crop with (ky < 1). This shows that Onion is susceptible horticultural plant to drought stress. a,b,c,d ,e,f g,h i, Mean value followed by the same letters does not differ significantly at p>0.05 probability level, which mean that if the mean value of two yield components have the same letter there is no significant difference among them.
Conclusion
This study was aimed at determining the water use efficiency of Onion (Allium cepa L.) under different levels of deficit irrigation practice and mulching techniques and the effects on yield of Onion during which withstand water stress without significant effect on yield. The experimental design of the trial was design in RCBD with three replications. The results of the experiment revealed that days to 50% development, days to 50% maturity, leaf number per plant, mean bulb length were significantly affected (P<0.01) by the main effects of deficit irrigation levels and mulching but not by the interaction effect of the two. This indicates that recommendation of deficit irrigation and mulching should be done separately for each parameter. However, the interaction effects of deficit irrigation levels and mulching significantly influenced plant height, branch number per plant, bulb number per plant, marketable, unmarketable and total yields of the onion. There were significant difference between the crop water use efficiency (CWUE) and irrigation water use efficiency (IWUE) due to the interaction effects of deficit irrigation levels and mulching techniques. , respectively. Considering the highest water saving and maximum onion yield, irrigation water application at 70% irrigation application levels and plastic mulch could be considered as optimal irrigation management as compared to other deficit treatments. Observed yield response factors (ky) for Onion Bulb production ranged between 0.86 and 1.40, the lowest and highest being for 70% ETC water application level under plastic and 80% ETc applications under no mulch, respectively. Generally, results from the present level of work confirmed that there exists a relative delay in maturity, increased plant height, branch number, marketable bulb yield, total bulb yield and higher water utilization efficiency due to decrease in deficit irrigation levels. This results show that combining different irrigation levels with use of mulch covers, particularly straw mulch that is in abundance with farmers, presents a sustainable strategy for onion production in the water scarcity areas of Ethiopia. Use of plastic mulches laying difficulties with these materials in windy conditions presents challenges to farmers. Imposing irrigation deficit levels beyond 50% is not advisable as marketable yields and mean bulb length decline. The drip system technology used in the study is at entry level for farmers and it is apply demonstrated from the work that the amount of water savings that can be achieved is substantial when compared to other irrigat ion systems.
